We evaluated the variability in the amount of protein adsorbed onto the surface of individual wells of an assortment of microtitre plates by use of procedures involving enzyme-protein conjugates. Coefficients of variation in adsorbed protein ranged from 5.2 to 29.5%. MiCrotitre plates show a distinct "edge effect": wells at the edges of a plate adsorb more protein than those in the interior, which markedly affects results from immunoassays involving such plates. In a sandwich enzyme immunoassay the resuits for an individual sample varied by ± 18%; in a com- 
We evaluated the variability in the amount of protein adsorbed onto the surface of individual wells of an assortment of microtitre plates by use of procedures involving enzyme-protein conjugates. Coefficients of variation in adsorbed protein ranged from 5.2 to 29.5%. MiCrotitre plates show a distinct "edge effect": wells at the edges of a plate adsorb more protein than those in the interior, which markedly affects results from immunoassays involving such plates. In a sandwich enzyme immunoassay the resuits for an individual sample varied by ± 18%; in a com- Microtitre plates have enjoyed considerable popularity as solid supports for both qualitative and quantitative enzyme immunoassays (1) (2) (3) . The first step in these assays usually involves coating the inside surface of the wells of a microtitre plate with antibody or antigen. The immobilized substance is then used to extract the complementary antigen or antibody. The coating characteristics of each well on a plate are assumed to be similar, but recent studies (4) (5) (6) (7) (8) 
Materials and Methods

Microtitre Plates
We 
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droxide, into a cuvette. The absorbance (440 nm) was measured in a flow-through microcuvette of 10 mm pathlength (Cecil CE 393; Cecil Instruments Ltd., Cambridge, CV 44AZ, U.K.).
Evaluation Procedure 2
To determine the effect of well variation in a sandwich enzyme immunoassay, we measured AFP concentration, according to the procedure of MacDonald and Kelly (3) with minor modifications.
Coating procedure. The IgG fraction of an anti-human AFP antiserum was diluted 1000-or 2000-fold with carbonate! bicarbonate buffer (50 mmol/L, pH 9.5), and 100 ML was dispensed into each well of a microtitre plate. The plate was covered and incubated at 4 #{176}C for 18 h.
Washing.
In each wash step we used 55 mmol/L phosphate buffer, pH 7.5, containing bovine albumin (2 g/L) and Tween 20 (0.5 mL/L). After overnight coating with antiserum, the plates were washed three times with wash buffer and allowed to drain for 5 mm before use.
Samples.
A pool of serum from normal men was supplemented with AFP standard to yield a concentration of about 50 Mg/L. Samples of 100 ML were dispensed into each well of the antibody-coated plate and incubated in a moist chamber for 2.5 h at room temperature. 
Evaluation Procedure 4
We also examined the effect of the variation in wells on the performance of a competitive enzyme immunoassay for IgG.
In this assay (4), free IgG competes with IgG immobilized on the wells for binding to an anti-lgG!alkaline phosphatase conjugate.
Human IgG (300 ML), diluted to 5 mg!L in carbonate/bicarbonate buffer (50 mmoli'L, pH 9.6, containing 0.2 g/L NaN,) was incubated for 3 hat 35#{176}C in the wells of a M129A
plate. The wells were washed three times in distilled water and the inverted plate was tapped firmly on paper towelling. To assess the probability (z) of obtaining a certain pattern of results, we summed the rank order of the results of the wells on the particular part of a plate under consideration and applied the following formula:
Dilutions of
where: For illustrative purposes we divided the ranked results into three equal groups corresponding to high, medium, and low absorbances, reflecting the different amounts of adsorbed protein (Figure 1 ).
Scanning Electron Microscopy
Individual wells from the edge and middle of a microtitre plate (Nunclon) were removed by carefully cutting the plate, a See text for wavelengths at which absorbance was measured. then sawed in half and coated with gold by vacuum deposition.
The inside surface of each well was examined by means of a scanning electron microscope (Cambridge Stereoscan S4, Cambridge Scientific Ltd., Cambridge, U.K.).
Birefringence Studies
The amount of strain in individual microtitre plates was assessed by observing the maximum birefringence in red light (650-700 nm) when plates were placed between two 15 X 15 cm sheets of polarizing film (Proops Bros., Ltd., London, NW9 6JS, U.K.).
Results
The means and coefficients of variation (CV) of absorbances due to immQbilized enzyme activity in wells of the various microtitre plates tested are collected in Table 1 . CVs in assays involving immobilized enzyme activity ranged from 5.2 to 29.5%. For the peroxidase conjugate, the CV was 2.8% (procedure 2), whereas the alkaline phosphatase conjugates had CVs of 1.5% (procedure 1) and 0.55% (procedures 3 and 4). On all types of plate tested, absorbance values were not randomly distributed; an example is shown in Figure 1 . Rather, they occurred in groups, often with the highest values at the edges ("edge effect"). The effect could not be dimin-
ished by increasing the concentration of protein during coating (cf. Table 1, evaluation procedure 2). In the assay used in procedure 4, the calibration curves set up in equivalent wells of plates from different batches showed large differences ( Figure 2 ). Similar but smaller differences were seen within individual plates; calibration curves prepared from rows of wells at right angles to each other showed differences of 12 to 23% along the curves, and the concentration read from the curves varied by ±11%. 
